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OPTICAL FIBER FOR LIGHT AMPLIFIER 

technical Fi f M 

The present invention relates to optical fibers for use in a light amplifier 
a* in™ particular*, to an opfca. fiber for use in a light ampler wn icn « 
be used at wavelengths of both 13 m and 1.55 ^m. 

Background Arf 

10 WaTOten9 ' h * ^ h ° Pte " ««»*■■«« has been 

shrlted from a wavelength of 1.3 m «o a waveteng* of 1.55 „„. ,„ ^ 

praseoov,™ ion, (PO which are used to dope an opfca, fiber, are used to 
«<% an opfca, signal having a wavetangtn 0 f 1 .3 m white erbium ion (EO 
whrch are used to dope an optica, fiber, are used to ampMy an optical sign. 
havm g awavBlen 9 thofl.ss W ii. i™»signai 

ompHter. whfch a ra capable of operate wfth opfca, sufficient op«ca, gain a. 
* M.3 m wavetenglh. me opteal fiber is a fluoride glass 
o^rnng « re earth meta, ions in a core glass, wherein the refractive Index 
"^^thecoreandadaddi^is^^ 

20 ^^-^(WJinap^ofasmol^ortessbasedontte 
™» composition for forming the glass. 

Now. both wavelengths ofiawnandlSS^na^ used in many optical 
communications stated fields. Thus, difrerent parts which are suitable for 
each wavetengjh, are required to c^ an optica| jo 

25 deve opment cost increases in addidon to switching cost for switching the 
wavelengths. 8 

Disdngnn? nfth. |p 7n tinn 

^^^^P^mventionlstoprevideanor^calfiberforuse 
30 ,n an optical amplMer, which can be used for both «. 1.3 „m and 1.55 m 
bands. 
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ootk* TT* a " * *" PreSent invention ' *- « I"— an 
opto* flber t» an opto, amplifier. which b fe[med fay ^ ^ ^ ^ 

earth tons, wherein both praseodymium ions (n*) and erbium ions (Ert are 
^^ rar e^ion S ,andth e ^ isafluo H deglasswasuW ^ 

Preferably.thecontentofPr-isloo.looOppmandthecontentofEr" 
-10M000 ppm. if the P^^ „ 0 u«s U e ^ ^ range 

amplrfcabon efftaency fe undesirably towered. ^ the mixjng ^ ^ ^ 
& . by weight. may be betwee „ 1: , ^ 1;3 _ K ^ ^ ^ pi „ to ^ 

^^^^o.fluoreseenceemissionquantltyatmewave.enothof 
155 *n . decreased. Conversely, ifthe ratio of rV to Er« is less than the 
^/ejabo. the amplification a, the wavelength of 1.3 „m unfavorably 

Brief Dasrjjptjon nf tfrp p^-fry, 

" RG - 1 ^tt*fluores<^en^nspeetmmalwavel^ 

h" 1 S '!k ^ according to the amount of El* in optical fibers, when a laser 
beam having a waveleno* of 980 nm is irradiated onto an optica! flber which 
. > formed by doping glass made of Ge^Ga,^ with fV and B- wherein 
the fluorescence emission at the wavelength of 1.3 m b caused by the 

and thatatthe wavelength of 1.55 «m is caused bylhe transition 1 
- 'is, in Er 1 * doped fibers; 

RG. 2 is a graph showing the fluorescence lifetime of Pr** at the 'G 
level and of V + tm^fl feve, and teve, accord,^ to the amount of 
m optaU fibers, when a laser beam having a wavelength of 880 nm Is 
dialed onto an optical flber which is formed by doping a Ge^te^a 
glass with Pr*» and El"; ^ 

FIG. 3 is a diagram illustrating energy transfer between Pr* and El" 

FIG.4showstheflucfescenceemisston spectrum at the wavelengthof 
1 .3 by the electron transition of Pr« from the 'O, level to the U, level 
when a laser beam having a wavelengB, of 1020 nm is irradiated onto an 
opfcal fiber which Is formed by doping a Ge a A 5 ,Ga 1 S„ glass with ft* 



ions; 

30 
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FIG. 5 shows the fluorescence emission spectrum at the wavelength of 
1.55 ^Tibytheetectron transition of Er" from the 1 13/2 leveltothe «l 15)2 level 
when a laser beam having a wavelength of 980 nm is irradiated onto an optical 
fiber which is formed by doping a Ge^Ga^ glass with Er"; and 
> FIG. 6 shows the fluorescence emission spectrum at the wavelengths 

of 1 .3 ^m and 1 .55 m according to the amount of Pr +3 in optical fibers, when 
a laser beam having a wavelength of 980 nm is irradiated onto an optical fiber 
which is formed by doping a Ge^Ga^ glass with Pr« and Er* wherein 
the fluorescence emission at the wavelength of 1.3 m is due to the electron 
I transition of Pr*from the >G 4 level to the % level, and that at the wavelength 
of 1.55 tm is due to the electron transition of Er* from the % M i eV el to the 
%u» level. 



20 
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Best mode far rairym g 0ut fhe Im/anii™ 

The present invention provides an optical fiber for use in a light 
amplifier, which can be used at wavelengths of both 1 .3 m and 1 .55 M m, by 
using a laser beam having a wavelength of 980 nm as a light source for 
exciting an optical fiber formed of Pr* and Er*. In the present invention, the 
term "fibers" refers ro shapes with a wide range of diameters, not merely thin 
fibers. For example, a fiber may have diameter of 5 to 100mm. In the present 
invention, the fiber contains Pr- and Er« wherein the maximum absorption 
peak of Er 3 in a laser beam having wavelength 980 nm is at the 4 l 11/2 level. 
In this case, two ions are simultaneously excited, so that Pr* 3 emits 
fluorescence at 1.3 ^ and Er" emits fluorescence at 1.55 m. In particular, 
25 as shown in FIG. 3, the fluorescence lifetime of Pi* 3 at the »G 4 level is 
elongated due to the energy transfer from Er*, so that light amplification 
efficiency is improved compared to a conventional optical fiber containing only 

Preferably, in the present invention, a fluoride or sulfide glass is used 
30 to minimize lattice vibration relaxation of Pr» from the >G 4 level to 3 F 4 level 
The fluoride glass may be a ZBLAN glass which is a fluoride containing 
zircomum (Zr), barium (Ba), lanthanum (La), aluminum (AJ) and sodium (Na), 
and the sulfide glass may be a germanium^rsenic^allium-sulfur (Ge-As-Ga- 



6-19-2000 11:13AM FROM SYMMORPHIX. INC. 408 743 9801 p 6 

WO 0O2185W 

PCT/KR99/0060* 

4 

S) or Ge-As^S glass. He,, using me sulfide glass can further minimize the 
^vtatonrelaxa^of^fromlhe , 04levBltothe ^ 
tothecaseofusingthefluorideglass. However, usmgfte fluoride glass rather 

^"""^^^nerallyrnal^thenranafactureotopticalfibereasier 
In order to maximize the light amplification efficiency at bom 
wavelengths of 1.3 m and 1.5S *m. the mixing weight ratio of Pr» and Er« is 
adjusted to be between 1:1 and 1:3. 

Heminalter, the present invention will be described using the following 
examples. However, these examp.es are mere* inuarative and the present 
10 invention is not limited thereto. 

Comparetii/ft.Fffijnrci,, ^ 

Qe. As. Ga and S having a purity of 99.999% or more, were weighted 
in an atomic ratio of 29:8:1:62 in a glove box where the content of hydroxy 
15 (OH) group and oxygen wa, maintained to be 10 ppm or toss, and Pr metal 
powder was added in amount of 300 ppm to give the Pr«. 

After filling a SIO, test tub. with the above exposition, the test tube 
was left underavacuum condition of 0.1 mTo-r for a predetermined period of 

^■^■^^•"bewasr^deairtightbysealingitwithanox^mpane 

20 flame. 

Following this, the test tube was put into a rocking furnace such that the 
composition comprised in the test tube was completely mixed, and the 
resuKant was kept at 950'C for 12 hours. Then, *e test tube was quenched 
.n a,r, and heated in a furnace which was set at 400«C for 1 hour. After the 

25 heating process, the test tube was slowly cooted to room temperatu* and 
broken into pieces, resulting in an optical fiber formed of a Pooped sulfide 
glass of Ge 29 As 8 Ga 1 S ea in which the amount of lattice vibration relaxation was 
sl,ght The optical fiber was cut into a disc shape (having a diameter of 10 mm 
and a thickness of 3 mm) and polished. 

30 Then, the fluorescence spectrum and fluorescence lifetime of the 

resultant were measured using a laser beam having a wavelength of 1017 
nm as a source of light excitation. At this wavelength, Pr- at the > G level 
showed a maximum light absorption. 4 



■19-2000 11:13AM FROM SYMMORPHIX. INC. d08 743 9801 
WO 00/21898 

PCT/KR99/00609 



5 



5 

Comoarath^ Exam ple o 

An optical fiber was manufactured in the sam* ™ 

Comparative Example 1 except that Er*' wa !! 33 h 

^ al Er was us ©d '"stead of Pr* a Fr <? 
was used as the source of Er* Th*n >■ . ' 2 5 

Then the fl..«««^ ""wiess or 3 mm) and polished, 

source o, W e^T 8 * 880 - • 

leve,, was TT*" . " ^ ^ " 

and «r . , 5),an<i,he,luores <w« lifetime at the 1 

and "I m levels was 2100 usee and nnn ... """im 

"u usee and 3400 usee respectively (see FIG. 2) 

20 SfajDpJeJ. 

An .opto, flber Ms manufactured .„ ^ 
30 0om ,, JT^ te1 ««PtthatE^ "^farther added in the amount of 

SSvL MnCe ^ and »- of the 

MM*. measured ^ . ^ • 

» a source of „* w ^ £ £ 

showed a maximum Ught absorption. "° ^ 

As a result, the fluorescence emission of fr" 

a»"> on .j p m and 1.55 urn, respectively (see 
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RG. 1 (a)). The intensify of fluorescence Me ; 

1 """resoence was increased at each wa^i^^u 

of Er at the V and^ le « b ^ K4 
5 respectively (see FIG. 2). 

' *uc JeTr 10 ^ " ^ * F,G - * - -»*— 

etong^ " U0re5eenee **" * - - *- - 
an^Bfk^netlWenivatthewavelefMthrf-., light 

Bamnlg;> 

An optical liber was manufactured in the same manner as in 
Company. 6^ , ^ m ™ - " 

^"• ftefl, «^«»pactn«andl I uc^oe lM n woftherMU|tant 
25 were measured usirra a laser k. • «uram 
sources 8 ^ beam hawn 8 a wavelength of 980 nm as a 
■»» of lent exc«on. At this wavelength, Er« at the * level showed 
a maximum light absorption. ^ 

.,^r " UOrescence emis8fon * which was caused by 

caused by electron transrtion from 4 I leu-i ♦« 41 , , 
» ^ 1 u« ,evel t0 'iso leve were observed 

1 ^ W - increased a, each wa Jeig* 



15 
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compared to that of the Comparath/e Examples 1-2. Also, the fluorescence 
ItfetimeofPr-atthe >G 4 level was 760 usee, and the fluorescent lifetime of 
Er at the \ a and ^ levels was 1740 usee and 2910 usee, respectively 
(see FIG. 2). y 

5 According to Example 2, as shown in FIG. 3. the simultaneous 

fluorescence emission at the wavelengths of 1.3 urn and 1.55 urn was due 
to the effective energy transfer Indicated by V. Also, the fluorescence 
lifetime of Pr« at the »G 4 level was markedly elongated to 760 usee 
compared to Comparative Example 1 and Example 1, and the fluorescence 
10 IrfetimeofEr-atthe % m level was decreased to 2910 usee, compared to 
Comparative Example 2 and Example 1 

From the above result, it can be understood that the energy transfer 
indicated by V and V occur more effectively as the content of Er- 
increases. However, the fluorescence lifetime of Er* 3 at the 1 level was 
increased to 1740 usee, compared to Example 1. As a result, it was 
concluded that as Er* which is not involved in the energy transfer indicated 
by "b", increases, the energy transfer degree in the direction indicated by V 
decreases. 



15 



20 Example 3 

An optical fiber was manufactured in the same manner as in 
Comparative Example 1 except that 700 ppm of Er« was further added 
together with 300 ppm of Pr" Then, the optical fiber was cut into a disc 
shape (having a diameter of 10 mm and a thickness of 3 mm) and polished. 

25 Then, the fluorescence spectrum and fluorescence lifetime of the resultant 
were measured using a laser beam having a wavelength of 980 nm as a 
source of light excitation. At this wavelength, Er« at the \ m level showed 
a maximum light absorption. 

As a result, Ihe fluorescence emission of Pr* 3 , which was caused by 

30 electron transition from % level to % level and that of Er*, which was 
caused by electron transition from V fcvel to V teve i were observed 
simultaneously at the wavelengths of 1.3 um and 1.55 um. respectively (see 
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1 <=)>. The Wensay of fluoresce was incased a, each wavelength 
compared to that of Examples 1-2 Ak« »,.<■ waveiengm 
examples 1-2. Also, the fluorescence lifetime of Pr" at 

«• G, teve. was 789 usee, and fte fluoresce lfel ime of Er->a.the 1 

and I levefc was 1760 psec and 2920 Msec. respeoSvely (see FIG i" 

According to Examote 3 , as ft. center* of Er« increased,' the 

was due to an mease in energy , ransfer wfcated ^ ,„„ 

2ZT, STT for *— ■ «• 

Wehme a. the %M and*,,,, levefe , he ^ ^ ^ 

energy transfer indicated by v and V was decreased, thus resuttlng in a 
sWt,nc re ase l n fluorescence lifetime o,P r « a, „ , G ' 
^ » ^ o( ^ ^ 

tendency to meases w*h an mease in the fluorescence Bfeflme of Er« at 



15 



20 



25 



30 



Examp le a 

ConJlTL"' *" """*'*»'• »> «» manner as in 
Compaq Example 1 except that 1000 ppm of Er« was further added 
together with 300 ppm of Pr" Then th. «. . 
shKMrt^^ „• r • Tnen ' 818 "P^l *ef was cut into a disc 

a dieter of 10 mm and a thickness o,3 mm, and pofehed. 
Then, me fluorescence specftum and fluorescence lifetme of the resultam 
were measured using a laser beam having a waving* of 980 nm a, a 

-^cfagMMMkh. Atthiswave te ngth.Er«atthe level showed 
a maximum light absorption. "° 

As a result, the fluorescence emission of Pr". which was caused by 
elearon transHon from l G 4 teve, to % ^ and m « & „ ^ Y 

sTmut T° rt tran8M ° n ^ ^ to ^ — «*-«- 

1 (d ''- ThB was increased a. each wavelenglh 

A.O. ft. fluorescence of p£ 
»* a, leve. was 881 usee, and the fluorescent lifetime of V at the 1 
and U fevels was 2030 usec.and 3340 M sec. respec«vely (see FIG 2)" 
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,uo JT""" 9 10 EXamPte 4 - M SH0Wn h Fla 3 - •» -»*-— 

7?T 81 waveten9,h *"■«<**•«•. 'o 4 M 

r at*e i M and ^ level, showed the maximum levels. ^ 

h e rr ,DOd ~ ^ "* * P '" "*•'»*• 

-*» the m _ Gght ampracafcn ^ „ ^ „ 



10 Example 5 

An opto, ffl,er was by the same manner as m 

tooZn tT* 1 *" 1500 PPm * & " ^ *•»» added 
300 PPm " •» op^ca. ffcer « te . dfee 

Tr*n. the fluorescence spectrum and fluoresce lifetime of the 

were measured using a fcser beam havfcg a wavefcngth „ 980 ^ 

"^eng^a, J V 
a maximum light absorption. "* ^ 

» «w* "** "* flUOreSCen0e emlss,on <* «*■* v«s caused by 

j^T" ,g ' ^ *"*■"—«— b-. which wi 

^ r0n,ran8iSOn,ro,,, ^ *« te V -ve. were observed 

TTTT wavebn9,hs "* 13 Mm and 155 »>■ 

™. W). The intensBy of was ^ 

5 TT * «** ft. fluorescence Kfettne of Pr- 

at^ G 4 leveiwasm M sec, an dthei.uorescerK»l^ of& « althe 
«nd l m leveb was 1870 usee and 3240 psec, respeeflveiy (see FIG a™ 

^ 10 EXamPle * * Sh0Wn h FIG - 3 ' *• simultaneous 

7TT emBSkSn ^ *• WaV * n9,h * 13 " m "» * «» U leva, 
and a* »» «— <* of 1. 55 um by & .. ^^^^ „ 

> ^ energy ^ Mcat8dby . b , The fluorescence lifetime of Er* 3 
"d I M tav* w» slightly decreased compared to Example 4 
because the energy transfer indicated by v and „ e „ ^ 4 ' 
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Bcamnle g 

C3e, Ga and S having a purity of 99.999% or more were mm* • 
an atom, rafc of 25 ,: 70 in a o.ove oox where the 
£^*n was maintained to to 10 Ppm or Iess , J ^ 
5 Pr and 300 PPm of EF were added. 

^^aSO^fufc^e^,^ 



P. 12 



*" ""~ « *. test tube was comply mixed * £ 

« a , and heated h a fu,na« wnich was set at ^ ^ ™- 

broken ,nto p.eces, ^ in an ^ ^ ^ • 

mm anTa 0 ^' *" "* in, ° ' *° *'* a *»»-' - 10 

h-rj-m hav.no. a wave^ 0 f oso nn, a, a of SgW exeW on 
At this wavetenath Er* 3 at «t* A 4 . . vuauun. 
absorption. "° "* ^ a madmum W* 

25 e^," * flUOresCen « -**« ?f W. which was caused by 

causea oy electron transition from 4 i level tn 4, , M , . 
■ . A i3« ^ve' w l 15 » ,e vef were observed 

30 ^w* ^and^andaoe.^^^^ 8 
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Exam pla 7 



optoi^^^^^^'^^PPm. Then.the 
florescence lifetime of » "«orescence spectrum and 

a - »rrzrr h u * n9 a - ^ 

wavelength, Er« at the «r , , T " S,M e * Ci,a,ioa * «* 

As a *« *—» a — m absorption. 

— « .he wave*^ C 1.^1 1 «JT """ ^ 
«8- « 0* Also, as the amount o, PrC L ^ 
directions indict by V and v Tp.^ ""^ h 

« « u ^»^ 0fP ^jrj.o n i F ^. 3 ' nOeaSed - ^result*. 

l-^wnereaslor /att^r^ ^ WaVd6n9,h0f 
»f 1.55 Mm. H^ever, ra*^ * 
« 1-3 M m is slower J** *•*""■""» "^nsfty increases 
decreases *£l 1 tt T " ~* " "~ «»* 

20 indicated by V Jml * ** * e "<» 
<"°y e is more rapid than that indicated by V 



25 



industrial rArrffrhfiitY 

H» amplifier comaiaag ^ Pt « optical 
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What is claimed i ? ; 

1. An optical fiber for an optical amplifier, which is formed by 
doping glass with rare-earth ions, wherein both praseodymium ions (Pr +3 ) 
and erbium ions (Er' 3 ) are used as the rare-earth ions, and the glass is a 

5 fluoride glass or a sulfide glass. 

2. The optical fiber of claim 1, wherein the sulfide glass is a 
germanium-arsenic-gallium-sulfide (Ge-As-Ga-S) glass or a Ge-As-S glass. 

10 3 - The optical fiber of claim 1, wherein the fluoride glass is a 

ZBLAN glass containing zirconium (Zr), barium (Ba), lanthanum (La), 
aluminum (Ai) and sodium (Na). 

4. The optical fiber of claim 1 , wherein the mixing weight ratio of 
15 Pr +3 to Er* 3 is between 1 : 1 and 1 :3. 

5. The optical fiber of claim 1, wherein a laser having a 
wavelength capable of absorbing Er* 3 is used as a light source for exciting 
the optical fiber. 



20 



6. The optical fiber of claim 1, wherein the content of Pr tJ is 
100-1000 ppm and the content of Er +3 is 100-5000 ppm. 
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FIG, 2 
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FIG. 3 
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FIG. 4 
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FIG. 5 
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